Abstract. This paper introduces a "Non-Contact" circuit breaker mechanical characteristic test system platform, which replaces the sensor with high speed camera, obtaining circuit breaker operating mechanisms movements in the process of opening and closing. According to image analysis, calculating parameters such as movable contacts travel, closing and opening time, and the average speed of closing, it can solve the problem of installing complex and time-consuming for different types of circuit breaker fixture. Meanwhile, it can significantly enhance the install test efficiency and test precision of circuit breaker operating mechanism motion parameter in the practical work.
Introduction
Circuit breaker is an important control and protection equipment in power system. With the development of smart grid construction, the demands on the reliability of the circuit breaker are getting higher and higher. The working reliability of circuit breaker is mainly determined by its mechanical properties. According to statistics, mechanical breakdowns such as rejection, incorrect operation, slow opening and three-phase transformer's non-synchronous caused by malignant accidents account for more than 80% of total accident, which resulted from the operating mechanism breakdowns is actually up to 64.8% [1, 2] .
Measurement for circuit breaker mechanical characteristic parameters is a kind of important technical means for detecting mechanical breakdowns of circuit breaker. In recent years, obtaining mechanical characteristic parameters is mainly by installing sensors in the circuit breaker connecting rod, however, the installation process is much too complicated and not easy to be removed. Moreover, it is difficult to use a unified model of sensor fixture. This kind of "contact" circuit breaker mechanical characteristic parameters measurement cannot completely solve the problem of the high voltage circuit breaker monitoring and mechanical characteristic parameters [3] . By replacing the sensor with high speed camera, obtaining moving link images of circuit breaker, indirectly measuring mechanical parameters, as a result, various shortcomings ever before of the installation of sensors can be avoided. "Non-Contact" measurement can be achieved and the test speed can be greatly improved.
"Non-Contact" Circuit Breaker Mechanical Characteristic Test System Platform
This test platform is based on PXI system, along with high brightness LED luminaries. Video images about circuit breaker in the process of close operation are taken by high-speed camera triggered by the current sensor. Motion trajectory about moving contact-header of circuit breaker can be acquired by image pre-processing, camera calibration and image tracing and identifying. In order to facilitate updating and maintaining system, system can be designed in a modular fashion. This system mainly includes three aspects: moving target image acquisition system, PXI system and image processing software system. Structure diagram is shown in Fig. 1 . 
Image Acquisition System of Moving Target
Opening and closing components of circuit breaker are enclosed in the arcing chamber. Therefore, motion trajectory about moving contact-header cannot be directly measured. The measurement of sensor head can be achieved only by measuring operating mechanism which is link with sensor head in indirect way. There are color patches as track targets which have distinctive characteristics fixed on the insulation bars of the high voltage circuit breaker in this system, which is shown in Fig.  2 . Then, the position and vision of the high-speed and high-definition cameras were made an alignment of observation window where one stays of the insulating rod through regulating. And the triggering current signal of breaking and closing brake were used to open cameras and shoot the process of holding and shutting of the high-voltage circuit breaker. As a result, sequence images of auxiliary marker for high-speed motion can be obtained. For the linear displacement characteristics of circuit breaker moving contacts, only one tracking target is needed. On the other hand, for the angular displacement characteristics of its movement, the movements of two tracking targets with different color features need to be tracked. Then, according to compute the rotational angle of the attachment of these two target centers, angular displacement characteristics of circuit breaker moving contacts can be obtained. The main advantages of circuit breaker include fast action and short time. As a result, high-speed camera is needed in system, with the purpose of image acquisition for action position of circuit breaker in a remarkably short period of time accurately and rapidly. Furthermore, the clarity can be ensured. Experiments show that all the high-speed camera whose frame rate is up to 1000 and resolution is up to 640 or more can meet the requirements of the circuit breaker parameter testing system.
Camera is needed to maintain running state before and after the movement of circuit breaker operating mechanism, waiting until the trigger signal of coil current is received, and then, transmitting the image signal to the controller. In this test system, the camera uses the data transmission interface GigE Vision as a data transmission channel. This mode requires an almost trivial level of cable, and it can realize long distance transmission quickly with a marked-down price. Moreover, it can be compatible with different types of software and hardware system and reach 1000 mbit/s transmission rate on the transmission distance which is up to 150 meters. It can also further increase the transmission distance through the repeater or converter when necessary [4] .
High-speed cameras chosen have great characteristics. At the same time, in order to prevent long ghosting, a short exposure time is needed. Coupled with the shutter speed is up to 5000 frames/s, and natural light cannot meet the requirements, therefore, the strong light source is needed to cooperate. This project adopts strong industrial LED light source array evenly for the light.
In the process of image acquisition, a proper signal is needed to trigger the camera and conduct analysis and experiment of sound, vibration, current and suchlike various signals. The tripping and closing coil current which has the minimum interference in the testing process, is also one of the most reliable physical quantities, and is not affected by the placement of sensor location. Therefore, the tripping and closing coil current is chosen to trigger the camera.
PXI System
PXI virtual testing system, newly produced by NI Company, has more than one plug-and-play module interface. It can also connect with external DAQ devices which have various kinds of functions. Functions related can be detected and achieved by the system with only one special bus connected to a computer. Meanwhile PXI system is designed to be a chassis form. Monitor and all kinds of input and output devices can be integrated. So, it is easy to take. In terms of performance, PXI system has great cooling performance and electromagnetic compatibility. PCI computer technology, Microsoft, Windows software and Compact PCI module are combined together skillfully by PXI [5, 6] . For this reason, PXI is selected as the software support platform in this system.
Image Processing Software System
This test system involves the selection, pre-processing, calibration, tracking, parameters estimation and data storage of a whole lot more pictures. Thus, quality of the image processing software is directly related to the pros and cons of the whole test system. In order to ensure high reliability, larger upgrade space, certain intelligence of the software, the idea of modularity is applied in the development process. Block diagram is shown in Fig. 3 . Primarily, the first step is to initialize the system and set the data such as the type of circuit breaker, the size of the trigger coil current and manufacturers. Next is the measurement of the coil current. According to the size of the trigger value of the current rising edge set before to trigger the camera and to obtain the moving target image (Image enhancement can be applied to the image of poor quality if necessary). In addition, moving target is needed to be tracked, trajectory and curve route are needed to be plotted. Finally, according to analyze the curve, each mechanical character parameter can be obtained. The last step is to save and tidy the record, return to the start-up window, and update the related parameters.
Conclusions
Motion parameters test system about moving contact-header of circuit breaker intends to adopt "Non-Contact" sensing technology. On one hand, it uses high-speed and hi-resolution camera to capture the operation condition about transmission part of circuit breaker in the process of breaking and closing. On the other hand, it obtains motion displacement of transform components, rotation process of the spindle and angle parameters in the operation of circuit breaker by using the image analysis and recognition technology. At the same time, the breaking and closing time, moving contact trip and kinematical velocity can be calculated. Therefore, the mechanical characteristic test method of circuit breaker can be reformed, the parameter measuring precision and velocity can be improved fundamentally.
